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I. INTRODUCTION

The purpose of this report is to provide a data tabulation for the
experiment described in reference 1. These data were obtained in the
tripped turbulent boundary layer on a yawed, spinning slender body of
revolution at Mach 3 for angles of attack up to 6.3 degrees. The data
consist of boundary layer profile characteristics and wall shear stress.
Integral properties of the boundary layer have been computed using the
profile data. A brief description of the experiment is given here;
however, the reader is directed to reference 1 for a more thorough
presentation.

I11. EXPERIMENT

All experimental results presented in this report were obtained on
the secant-ogive-cylinder model (SOC) shown in Figure 1. Data were
acquired at Mach 3.0 and angles of attack up to 6.3 degrees. Surveys
were made at three longitudinal stations and at numerous circumferential
positions on the model at spin rates of 0 and 333 rps. The spin rate of
333 rps corresponds to a dimensionless spin rate (pd/V) of 0.19. The
tunnel supply conditions provided a Reynolds number of 7.3 x 10 based
on model length.

The primary measurements were impact probe pressures in the bound
boundary layer. Local Mach numbers within the boundary layer were
determined from the Rayleigh pitot formula assuming a constant static
pressure across the boundary layer. The data in this report were
reduced using the experimental values of wall static pressure obtained
by Reklis2. The temperature distribution in the boundary layer was
found by assuming the Crocco linear total temperature-velocity relation-
ship:

RS
T -T u
o w e

The wall temperature was assumed equal to the adiabatic wall temperature
for turbulent flow.

1. Lyle D. Kayser and Walter B. Sturek, "Experimental Measurements in
the Turbulent Boundary Layer of a Yawed, Spinning Ogive-Cylinder
Body of Revolution at Mach 3.0. Part I. Description of the Experi-
ment and Data Analysie," BRL Memorandum Report to be published.

2. Robert P. Reklis and Walter B. Sturek, "Measurements of Wall Static
Pressure on Slender Bodies of Revolution at Angle of Attaek," BRL
Memorandum Report to be publiehed.
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III. DISCUSSION

A summary of test conditions for the secant-ogive-cylinder boundary
layer surveys is shown in Table I and a complete set of tabulated data
can be found in Table II. The Preston tube skin friction data can be
found in Table III.

To help clarify the data, the orientation of the probe with respect
to the model must be known. The circumferential, or azimuthal, position
on the model of ¢ = 0 degrees is defined as the most windward ray on the
model when the model is at some angle of attack. Looking upstream at
the model base, with the model at positive angle of attack, ¢ = 0 is on
the bottom (6 o'clock); ¢ = 90 degrees is to the left (9 o'clock);
¢ = 180 degrees is on the top (12 o'clock); and ¢ = 270 degrees is to
the right (3 o'clock). A clockwise spin is positive; therefore, a
positive spin gives a surface velocity in the same direction as cross
flow on the left side of the model. On the right side, cross flow and
model surface velocities are in the opposite direction. The model
coordinate system is shown in Figure 2 with the arrows indicating
positive directions.




- b e b
Au312w08g |apoy | d4nbl4
S3UL3WITTUN NI SNOISNIWIQ 1V
0292
[+,
‘oIp m_.hm.h }
m&
- . . M.
1
.%,
6'¢he




UWR31SAS I1RULPJOO) |3POK

*2 dunbLy

10

Al
|
:
1
;

-y




o

30

60

90
120
150
170
180
190
210
240
270
300
330

30

60

90
120
150
170
180
190
210
240
270
300
330

'}

o © o o©

O ©o o o

Table I. Summary of SOC Test Conditions
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Table I. Summary of SOC Test Conditions (Continued)
¢ a =0 a = 2.1 ¢ = 4.2 a = 5.3 a=26.3
Z2/D = 5.56
0 0 0,333* 0,333 . 0,333
30 0 0,333 0,333 0,333
60 0 0,333 0,333 0,333
90 0 0,333 0,333
120 0,333 0,333 0,333
150 0,333 0,333 0,333 0,333
170 0,333 0,333 0,333 0,333
180 0,333 0,333 0,333
190 0,333 0,333 0,333 0,333
210 0,333 0,333 0,333 0,333
240 0,333 0,333 0,333 0,333
270 0 0,333
300 0,333 0,333 0,333
330 0,333 0,333 0,333

* Model Spin Rate, 0 and 333 rps, 333 rps = 20,000 rpm
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Table II. Turbulent Boundary Layer Data on a Secant-Ogive-Cylinder
Model, Mach 3.0, With and without Spin

The order of tabulated boundary layer profile data is a. follows.

z/D a Page
| 3.33 0 momemmmmmmmmcmmceeeee 15
f 7 2 [P 17
| 8.2 —mmmmccmmmc e 31
§ . S a5
6.3 —mmmmmmmemem e cmmmmmm e 52
4.44 0 mmmmm e 64
2.1 —cmmm s 66
4.2 commme e 80
i JU 94
N J 101
5.56 0 s eeemmee 113
7 0 . 115
8.2 mmce e emmmeeee 129
S 143
R 148

Within each angle-of-attack group, data are in order of increasing
roll angle (¢) with spin and no-spin runs together.
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Mach

PO

ALPHA
z/D
PHI

RPM

-3

=

RHO

DEL
DELU
DEL*

THETA

UE

RHOE

VR

Computer Tabulation Nomenclature

tunnel free-stream Mach number

tunnel supply pressure, kPa

tunnel supply temperature, deg K

angle of attack, deg.

distance in calibers from nose
circumferential position, degrees

model spin rate, rpm

model wall pressure at point of survey, kPa

Reynolds number based on model length

distance normal to model surface, cm
local total temperature, deg. K
local static temperature, deg. K
local Mach number

local velocity, m/sec

local density, m/sec

total boundary layer thickness, cm
velocity thickness, cm

displacement thickness, cm

momentum thickness, cm

boundary layer shape parameter, 6*/9
velocity at edge of boundary layer, m/sec

density at edge of boundary layer, kg/m3

14
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